In higher vertebrates, anti-Mü llerian hormone (AMH) is required for Mü llerian duct regression in fetal males. AMH is also produced during postnatal life in both sexes regulating steroidogenesis and early stages of folliculogenesis. Teleosts lack Mü llerian ducts, but Amh has been identified in several species including European sea bass. However, information on Amh type-2 receptor (Amhr2), the specific receptor for Amh binding, is restricted to a couple of fish species. Here, we report on cloning sea bass amhr2, the production of a recombinant sea bass Amh, and the functional analysis of this ligand-receptor couple. Phylogenetic analysis revealed that sea bass amhr2 segregates with Amhr2 from other vertebrates. This piscine receptor is capable of activating Smad proteins. Antibodies raised against sea bass Amh were used to study native and recombinant Amh, revealing proteins in the range of 66-70 kDa corresponding to the full length Amh. Once proteolytically treated, recombinant sea bass Amh generates a 12 kDa Cterminal mature protein, suggesting that contrary to what has been described for other fish Amh proteins, this protein is processed in a similar way as mammalian AMH. The mature sea bass Amh is a biologically active protein able to bind sea bass Amhr2 and, surprisingly, also human AMHR2. In prepubertal sea bass testes, Amh was detected by immunohistochemistry mostly in Sertoli cells surrounding early germ-cell generations. During spermatogenesis, a weaker staining signal could be observed in Sertoli cells surrounding spermatocytes.
INTRODUCTION
The anti-Mü llerian hormone (AMH), also known as Mü llerian-inhibiting substance (MIS), is a glycoprotein hormone member of the transforming growth factor-b (TGFb) superfamily. In higher vertebrates, it is recognized primarily for its role in promoting involution of the female reproductive primordium, the Müllerian ducts, during normal male sexual differentiation (for a review, see [1] ). The presence of AMH continues after completion of the reproductive duct system in males and additionally is initiated in female at postnatal stages [2, 3] . In the testis, AMH is produced by Sertoli cells and has been shown to modulate Leydig cell steroidogenic capacity and differentiation [4, 5] . In the ovary, AMH is synthetized by ovarian granulosa cells and prevents the recruitment of primordial follicles during folliculogenesis [6] . It also decreases the sensitivity of large preantral and small antral follicles to follicle-stimulating hormone (FSH) [7, 8] . AMH signals by interacting with a Ser/Thr kinase type-2 receptor (AMHR2) organized sequentially into an N-terminal domain typified by a three finger toxin fold that mediates ligand recognition and binding [9, 10] , a transmembrane region, and a cytosolic Ser/ Thr kinase domain involved in signal transduction. Homodimers of AMHR2 recruit, phosphorylate, and activate homodimers of type-1 receptors or activin receptor-like kinases (ALKs). Three type-1 receptors, ACVR1 (also known as ALK2), BMPR-IA (ALK3), and BMPR-IB (ALK6), can be recruited by AMHR2, inducing both stimulatory and inhibitory responses that involves the phosphorylation of the receptorregulated Smads (R-Smad) [11] .
Teleosts do not have Müllerian ducts, but they do possess an orthologue of mammalian Amh that was first described in the Japanese eel (Anguilla japonica) and named eel spermatogenesis related substances 21 (eSRS21) [12] . Although sharing very low sequence similarity with mammalian and avian AMH, eSRS21 showed remarkably similar expression patterns and functions as observed for mammalian AMH [12] . A Y chromosome-specific duplicated copy of amh, termed amhy, and Amh/Amhr2 signaling have recently attracted interest after becoming strong candidates as master sex-determining genes in the Patagonian pejerrey and fugu, respectively, highlighting the importance of genes involved in the TGF-b signaling pathway in sex determination (for a review, see [13] ). The involvement of Amh in teleost testis differentiation has also been extensively studied. Male-biased amh overexpression has been observed in several teleosts (reviewed in [14] ). Yet, despite the increasing interest in Amh (and Amh signaling) roles in fish sex determination and gonad differentiation, what we know about the mechanism of Amh action in later stages of gonad development remains poorly understood. In the gonads of adult fish of different species, Amh (transcript and protein) and amhr2 mRNA have been localized to the ovarian follicular cells surrounding the primordial and primary oocytes and testicular Sertoli cells in contact with early generations of germ cells [15] [16] [17] [18] [19] . As an exception, 1-yr-old Atlantic salmon (Salmon salar) accumulated Amh protein in ovarian cortical alveoli besides its presence in the granulosa cell single layer; and in immature males, Amh appeared in both Sertoli cells and spermatogonia [20] . In the testis of adult zebrafish (Danio rerio), recombinant Amh inhibited Fsh-stimulated androgen production and the proliferation and differentiation of type A spermatogonia [18] . Blockage of 11-ketotestosterone (11-KT)-induced spermatogenesis by Amh was also reported in immature testes of Japanese eel [12] . In the protandrous black porgy (Acanthopagrus schlegelii), recombinant Amh can inhibit type A spermatogonia proliferation in the testis but not oogonia proliferation in the ovary [21] . In the developing gonad of medaka fish (Oryzias latipes), Amh signals in the somatic cells of both sexes and regulates the proliferation of a population of mitotically active, self-renewing, type I germ cells but does not induce quiescent type I germ cells to enter mitosis. Loss of this signaling, as it occurs in the medaka Amhr2/hotei loss-of-function mutant, results in hyperproliferation of self-renewing type I germ cells [22] and male-to-female sex reversal. How the intra-and intercellular signaling pathways set forward by Amh control medaka germ cell proliferation is unknown.
Orthologs of the AMH have been identified in several fish species. The same does not hold true for teleost amhr2. To our knowledge, amhr2 genes have only been described in medaka [15] , fugu (Takifugu rubripes) [19] , and black porgy [23] , and the mechanisms of Amh signaling have not yet been described in teleosts.
The European sea bass (Dicentrarchus labrax) is a perciform that nowadays serves as model for basic and applied research. We had previously isolated the sea bass amh gene and studied its structure, regulatory elements, and the expression of alternatively spliced isoforms [24] . In the present work, aiming to continue to contribute to the knowledge on Amh signaling in teleosts, we set out to isolate sea bass amhr2. This cDNA was used to develop a cell-based reporter assay to study receptor activation and intracellular signaling and also to test the bioactivity of a proteolytically processed recombinant sea bass Amh. Immunological detection was used to investigate the cellular localization of Amh in sea bass testis and to characterize both native and recombinant Amh proteins. In addition, the gonad temporal expression profiles of both ligand and receptor genes were evaluated.
MATERIALS AND METHODS

Animal and Tissue Samplings
European sea bass were raised and maintained at the Instituto de Acuicultura de Torre la Sal facilities under natural photoperiod and temperature conditions. Animals were sedated by a lethal anesthetic dose (600 parts per million) of 2-phenoxyethanol (Panreac) and then decapitated in accordance with Spanish (Royal Decree 53/2013) and European (2010/63EU) legislations concerning the protection of animals used for experimentation. The used protocol was approved by the IATS Ethics Committee (Register Number 09-0201) under the supervision of the Secretary of State for Research, Development and Innovation of the Spanish Government. The tissues from adult males and females used for gene expression analysis are from a previous work where the full description of total RNA extraction and cDNA synthesis can be found [25] . Gonad tissue from animals in their first year of sexual maturation was sampled monthly (n ¼ 5 fish/mo) during a complete reproductive cycle. The use of these samples for the synthesis of cDNA has been previously explained [26] . For each animal, ovarian and testicular stages of development were determined by histological analysis following previously established criteria [27, 28] .
Polymerase Chain Reaction
Standard PCR amplifications were performed with DFS Taq DNA Polymerase (Bioron GmbH). Primers (Supplemental Table S1 ; Supplemental Data are available online at www.biolreprod.org) were obtained from Invitrogen (Life Technologies). In general the following conditions were used: initial denaturation at 948C for 1.5 min, followed by 35-40 cycles at 948C for 30 sec, annealing temperature for 30 sec, 728C for 1 min/kb, and a final extension of 10 min at 728C. When touch-down PCR [29] was used, the annealing was carried out at the highest temperature indicated for the first cycle, decreasing 0.58C each cycle until achieving the minimum temperature indicated, which was then maintained for the remaining cycles. Some of the used primers were designed to include 5 0 overhangs with restriction enzyme sites for cloning proposes or nonhomologous overhangs. A touch-up PCR cycling protocol, consisting of an exact opposite of the cycling mechanism of the touch-down PCR, was adopted for PCRs using these primers. The PCR products were cloned into pGEM-T Easy vector (Promega Corp.) and sequenced. For those PCR amplifications requiring high fidelity, the thermostable DNA polymerases PfuUltra (Agilent Technologies Inc.) or Phusion High-Fidelity (Thermo Fisher Scientific Inc.) were used following the supplier's guidelines.
Quantitative Real-Time PCR
The expression of sea bass amh and amhr2 was quantified by quantitative RT-PCR (qPCR) of the cDNAs used in a previous work. A detailed description of the samples and data normalization can be found in Rocha et al. [26] . All assays were run in duplicate on a Mastercycler realplex (Eppendorf) using 96-well optical plates and default settings. Probe and primers for amhr2 qPCR assay (Supplemental Table S2 ) were designed using the Primer Express software (Applied Biosystems, Inc.). Expression of amh was measured as previously described [30] . For each 25 ll of PCR, optimized amounts of the corresponding primers and probes were mixed with 1 ll of RT reaction in 13 ABgene Absolute QPCR Mix (Thermo Fisher Scientific, Inc.). Tenfold serial dilutions of known concentrations of the plasmids containing each of the genes in the study were included as standard curves. The captured data were analyzed by the realplex software (version 2.2 4). The average value for correlation coefficients of the standard curves for both gene assays was 0.99. PCR efficiencies ranged from 0.94 to 0.97. Expression of the ribosomal protein L13a (rpl13a) gene in 1:50 diluted cDNA samples was used as a reference gene for normalization of the data from testis cDNA. The suitability of this gene to be used as an endogenous control has been demonstrated [31, 25] . Data from female samples was normalized against elongation factor 1 alpha (ef1-alpha) expression values as described by Rocha [26] . The relative amount of each transcript in every sample was determined using the relative standard curve method as previously reported [26] .
Cloning of a Sea Bass amhr2 cDNA
Two degenerate oligonucleotides, amhr2-1 and amhr2-2 (Supplemental Table S1 ), were designed in highly conserved regions of the kinase domain of fish and mammalian Amhr2. They were used in a PCR having sea bass testis cDNA as template. A 765 bp product was amplified. The obtained sequence displayed the highest identity to other Amhr2 and was used as a query in a BLASTN [32] search of the sea bass genome database [33] , allowing the retrieval of the presumptive coding sequence for sea bass amhr2. Stepwise PCR amplifications were carried out to obtain the complete coding sequence. Finally, primers amhr2-14 and amhr2-11 were designed corresponding to the ends of the identified sequence for amplification and cloning of the sea bass amhr2 cDNA.
Phylogenetic Analysis
Phylogenetic analyses of amino acid sequences were conducted using MEGA version 5.05 [34] . An unrooted phylogenetic tree was constructed by means of the neighbor-joining algorithm. Gaps or missing data were pairwise deleted. One thousand bootstrapping pseudo replicates were used to assess the robustness of the inferred nodes of the tree.
Expression Plasmids
The expression plasmid pcDNA3-His 6 Amh containing a modified sea bass amh cDNA was generated in several steps. First, an amh cDNA fragment coding for the N-terminal domain of sea bass Amh (GenBank accession number: AM232701) was PCR amplified with primer pair BamHIamh1-amh19 (Supplemental Table S1 ) using cDNA from testes of a juvenile sea bass as template. The cDNA fragment corresponding to the C-terminal region of sea bass Amh was PCR amplified with primers amh6-amh4EcoRI. For this reaction, a plasmid containing a fragment of sea bass amh, previously isolated in a testis cDNA library screening [24] , was used as the template. Equal quantities of each fragment were joined in an overlapping PCR reaction with primers BamHIamh1-amh4EcoRI. The resulting PCR product was double digested with BamHI plus EcoRI and cloned into the pcDNA3 vector (Invitrogen). All the above PCR reactions were performed with the proofreading PfuUltra DNA polymerase (Stratagene) and further checked by ROCHA ET AL.
sequencing. The sequence modifications introduced were 1) an optimized putative cleavage site between the N-and C-terminal domains (to generate the The complete open reading frame of sea bass amhr2 was PCR amplified using the specific primers amhr2-19 and amhr2-20 (Supplemental Table S1 ) and the Phusion High-Fidelity DNA Polymerase (Thermo Fisher Scientific Inc.). The cDNA from the testes of a juvenile fish served as the template. The amplified product was inserted into the pcDNA3 expression vector (Invitrogen) as a XhoI/ApaI fragment to produce the pcDNA3-Amhr2 plasmid. The BRE-luc reporter construct [35] has multiple optimized BMP-responsive elements (three Smad binding elements, seven GC, and four CAGC) driving the expression of the firefly luciferase gene and was kindly provided by Dr. Peter ten Dijke (Netherlands Cancer Institute). The human AMHR2 expression construct (pcDNA3 backbone) was a gift from Dr. Nathalie di Clemente (Inserm, Unité 782; Université Paris-Sud). The pRL-TK reporter vector (Promega Corp.) contains a cDNA encoding Renilla luciferase (Rluc) under the control of the herpes simplex virus thymidine kinase (HSV-TK) promoter.
Cell Culture, Transfection, and Luciferase Assay African green monkey kidney fibroblast-like (COS-7) cells and Chinese hamster ovary (CHO) cells were cultured in Dulbecco-modified Eagle medium (DMEM) (Gibco) with GlutaMAX supplemented with 10% and 5% fetal bovine serum (FBS) (Gibco), respectively, with added 100 U/ml penicillin and 100 lg/ml streptomycin. Cells were cultured in a humidified 5% CO 2 incubator at 378C.
CHO cells in 24-well plates were transfected with 1.6 lg of pcDNA3-His 6 Amh using 2.5 ll of Lipofectamine 2000 Reagent (Invitrogen) according to the manufacturer's protocol and selected with G418 sulfate (Geneticin selection antibiotic, 500 lg/ml; Gibco) 48 h posttransfection. Surviving colonies were expanded in complete medium containing 100 lg/ml of G418 (selection medium). The presence of recombinant Amh was screened by RT-PCR, immunocytochemistry (see Supplemental Materials and Methods) and Western blot analysis of both cells and concentrated media.
COS-7 cells growing in 24-well plates were transiently transfected with 0.4136 lg of either sea bass amhr2, human AMHR2, or empty pBlueScript SK, used only to maintain total DNA amount constant in transfection reactions (Stratagene), 0.103 lg of BRE-luc reporter plasmid, and 0.02156 lg of pRL-TK (employed to assess transfection efficiency) using the FuGENE HD transfection reagent (Promega Corp.). The following day, cells were plated in 96-well plates. Forty hours after transfection, cells were incubated with SP600125 (Calbiochem-EMD Chemicals, Inc.) or with plasmin-treated recombinant sea bass Amh at the indicated concentrations for 24 h in culture medium with 1% FBS. SP600125 is a c-June N-terminal kinase inhibitor II shown to activate AMHR2-mediated signal transduction [36] . Working dilutions were made fresh at the time of use in culture medium with 0.1% added dimethylsulfoxide (DMSO) for every 10 lM of SP600125 according to the manufacturer's instructions. Controls were treated with the same DMSO concentration in the culture media. After treatments, cells were lysed for 15 min under rocking in Passive Lysis Buffer (Promega Corp.). The luciferase activities were obtained using the dual-luciferase reporter assay according to the manufacturer's instructions (Promega Corp.). The light emitted was measured in a luminometer (Berthold Junior; EG&G). Firefly luciferase values were normalized to Renilla luciferase activity. The results are expressed relative to their control group (1% FBS in DMEM for recombinant Amh stimulation and DMSO for SP600125).
Recombinant Sea Bass Amh Production
CHO cells expressing recombinant sea bass Amh were grown according to the protocol described by Schatz [37] in 225 cm 2 cell culture flasks until 80%-90% confluence in selection medium. The FBS-containing medium was then replaced by serum-free medium, and the cells were further incubated for 6-8 days at 258C in a humidified 5% CO 2 incubator. Harvested culture supernatants (;1.7 L) were ultrafiltrated using Centricon Plus-70 centrifugal units (Millipore), cutoff of 3 kDa, following the manufacturer's recommendations. § The first residue of the protein sequence may not correspond to the true N-terminus of the complete protein sequence.
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Before loading, media were centrifuged for 3 min at 2000 3 g to remove cell debris. Concentrated medium was frozen at À708C. Recombinant sea bass Amh was purified by immobilized metal affinity chromatography (IMAC Ni 2þ ) from concentrated medium (60-70 ml) on 1 ml His GraviTrap Nickel Sepharose 6 Fast Flow prepacked columns (GE Healthcare) in PBS (20 mM sodium phosphate, 500 mM NaCl, pH 7.4) containing 20 mM imidazole, according to the manufacturer's recommendations. PBS containing 500 mM imidazole was used for the final elution step. Next, imidazole concentration was reduced to less than 100 mM with an Amicon PLBC Ultracel-3 kDa membrane filter unit (Millipore), in PBS (pH 8.47), and the protein fraction was kept frozen at À708C until further use.
Enzymatic Treatment of Recombinant Sea Bass Amh
Recombinant sea bass Amh in concentrated (75-fold) culture supernatants was treated with plasmin from human plasma (P1867; Sigma-Aldrich) at concentrations ranging from 0.015 to 0.24 mg/ml for 25 min at 378C. The sample pH was previously brought to 8.5 to meet the enzyme's optimum activity conditions. Reactions were stopped by adding loading buffer (Laemmli buffer) to the samples. IMAC-purified recombinant Amh, diluted in PBS, pH 8.47, was cleaved using 0.12 mg/ml plasmin for 100 min at room temperature plus 15 min at 378C. The reaction was stopped by adding aprotinin (A6279; Sigma-Aldrich) at equal concentration as plasmin and frozen at À708C until further use.
Sea Bass Amh-Directed Antibodies
Two rabbit antisera were produced on demand by GenScript. Anti-N Amh was raised against a synthetic peptide corresponding to amino acids S 47 TETTDSLEMKNNV 60 of sea bass Amh, at the N-terminus. The polyclonal antibody called anti-C Amh was raised against the peptide A 430 DPNNPVRGHTC 441 located immediately downstream of the predicted proteolytic cleavage site (amino acids 426-429) (see Fig. 3A ). Anti-C Amh antisera recognizes the 12 amino acids immediately after the end of the His 6 -tag in the recombinant sea bass Amh. Both antibodies were affinity purified against the synthetic peptides used during the immunization protocol and their titers tested by enzyme-linked immunosorbent assay.
Protein Analysis
Protein extracts (Supplemental Materials and Methods) were separated under reducing conditions by SDS-PAGE in 12.5% resolving polyacrylamide Tris/glycine gels following standard procedures. Electrophoresed proteins were transferred to 0.45 lm Immobilon-P-PVDF membranes (Millipore), blocked overnight with 5% nonfat milk in TBST (10 mM Tris, 150 mM NaCl, and 0.05% [v/v] Tween 20, pH 7.6) at 48C, and incubated with anti-C Amh (1 lg/ ml) for 90 min at room temperature. For the detection of immunoreactive proteins, membranes were incubated with a 1:25 000 dilution of goat anti-rabbit immunoglobulin G horseradish peroxidase conjugate (Invitrogen) and developed with the Pierce ECL Plus chemiluminescent substrate (Thermo Fisher Scientific Inc.). The concentration and purity of the plasmin-treated recombinant sea bass Amh was assessed on an Agilent 2100 bioanalyzer with the Agilent Protein 80 Kit (Agilent Technologies GmbH) following the manufacturer's instructions. Briefly, 4 ll of protein sample were combined with 2 ll of sample buffer with added dithiothreitol and incubated at 958C for 5 min. Sample was diluted by addition of 84 ll of water before applying 6 ll of this mixture to the chip. Gellike images and electropherograms were generated with the Agilent 2100 Expert Software. Plasmin and aprotinin from the same batches used for the enzymatic treatment of the recombinant sea bass Amh were submitted to the same on-chip analysis.
Immunohistochemical Detection of Amh in Adult Sea Bass Testes
Samples from sea bass testis were fixed in 4% paraformaldehyde in saline with 5% picric acid overnight at 48C, dehydrated in ethanol, embedded in paraffin, sectioned at 4 lm, and affixed onto poly-L-Lys slides. After deparaffinization and rehydration and before immunohistochemical staining, samples were submitted to heat-induced antigen retrieval in 10 mM Tris, 1 mM ethylenediaminetetraacetic acid, and 0.05% Tween 20, pH 9.0, for 15 min at 958C-1008C (subboiling temperature). Blocking was done in 5% normal goat serum with 1% BSA in TBS for 2 h at room temperature. Sections were then incubated overnight at 48C with 5 lg/ml of anti-C Amh primary antibody diluted in TBS with 1% BSA. Before incubation with the secondary antibody (1:250 dilution of goat anti-rabbit immunoglobulin G horseradish peroxidase conjugate in TBS with 1% BSA) for 1 h at room temperature, the tissue endogenous hydrogen peroxidase activity was inactivated by treating the slides with 0.5% H 2 O 2 in TBS for 15 min; 3,3 0 -diaminobenzidine was used as the substrate for color development. The sections were counterstained with
RT-PCR amplification of amhr2 in male (A) and female (B) sea bass tissues. Gon, gonad; AdT, adipose tissue; Cer, cerebelli; Hyp, hypothalamus; Pit, pituitary; TeO, tectum opticum; Tel, telencephalon; Eye; Gill; Gutt; Hek, head kidney; Hea, heart; Kid, kidney; Liv, liver; Mus, muscle. Sample to sample variations in RT-PCR were monitored by amplification of the endogenous control gene 18S rRNA. [46] ): AMH is produced as a cysteine-linked homodimer precursor that is proteolytic processed yielding a AMH N dimer and a mature AMH C dimer, which initially remain associated in a noncovalent complex (AMH N,C ). Binding of the AMH N,C complex to the AMHR2 induces dissociation of AMH N to stimulate intracellular signaling. C) Engineered sea bass His 6 Amh: the putative protease cleavage was changed to Arg 426 -Ala-Arg-Arg (RARR) to permit endogenous hormone processing by CHO cells subtilisin/kexin proprotein convertase, including furin. Additionally, a His 6 -tag was placed at the N-terminus of the Amh C , allowing the purification of the mature, bioactive Amh C .
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hematoxylin and eosin. To evaluate the specificity of the immunohistochemistry reaction, the primary antibody (4 lg/ml) was pre-incubated overnight at 48C with the synthetic peptide (8 lg/ml) used to generate the anti-C Amh antibody. The no-primary antibody control (only secondary antibody added) was done to check for any binding or false positives arising from nonspecific interaction of the secondary antibody.
Data Representation and Statistical Analysis
Data are presented as the mean 6 SEM. Differences between group means in data from ovary gene expression were determined by one-way ANOVA followed by the Tukey multiple comparison test. The Kruskal-Wallis nonparametric test was used to account for differences between group means in data from testes gene expression because normality and homoscedasticity requirements were not fulfilled. If differences were found, the Dunn method was used for multiple comparison tests. Student t-test was used to analyze whether average values of luciferase activity after treatment with distinct doses of SP600125 was different from their controls. Receptor activation (luciferase activity) by recombinant sea bass Amh was analyzed with one-way ANOVA followed by the Tukey multiple comparison test. In all tests, differences were accepted as being statistically significant when P , 0.05. Statistical analyses were made using Prism 5 version 5.03 (GraphPad Software, Inc.).
RESULTS
Sequence and Phylogeny Analysis of a Sea Bass amhr2
The open reading frame of the isolated sea bass amhr2 cDNA (GenBank accession no. JQ801443.1) was 1500 bp long and coded for a protein of 499 amino acids. The first 21 residues were predicted to be the putative signal peptide (Supplemental Fig. S1) Fig. S1 ) that dictate a three finger toxin fold. The transmembrane domain spanned residues 138-155. Pfam searches identified the structurally conserved protein kinase domain (Pkinase; PF00069) in the intracellular domain of the mature protein (amino acids 195-491; Supplemental Fig.  S1 ). Two residues in this domain have been associated to specific phenotypes in other fish species. These are the amino acid polymorphism Asp 384 /His in fugu Amhr2 that is associated with the phenotypic sex and medaka (hotei) amino acid mutation Tyr 390 Cys that results in female phenotype when homozygous. Both are conserved in sea bass Amhr2. The sea bass Amhr2 protein has the highest identity to the Amhr2s of other fish species (67.9%-50.5%) and is only 27.6 % identical to the human AMHR2. The extracellular domains of the sea bass and human receptors only share 22.8% identity.
Human Ser/Thr kinase type-2 receptors family in the TGF-b superfamily also includes receptors for activins (ACVR2A, ACVR2B), bone morphogenetic proteins (BMPR2), and TGFb (TGFR2) receptors. The evolutionary relationship of the sea bass Amhr2 to members of the Ser/Thr kinase type-2 receptors family was inferred by performing a phylogenetic analysis by the neighbor-joining method. The topology of the resulting tree ( Fig. 1) showed four main groups: Acvr2, Tgfr2, Bmpr2, and Amhr2 lineages. These clades presented bootstrap values of 100%. The sea bass Amhr2 was found to cluster within the Amhr2 group.
Tissue Distribution of Sea Bass amhr2 mRNA
The expression of amhr2 in different sea bass tissues was evaluated by RT-PCR using primer pair amhr2-4 and amhr2-6 (Supplemental Table S1 ). In addition to the gonads, from where sea bass amhr2 was cloned, transcripts of this gene were detected in the cerebellum and tectum opticum, but amplification could also be detected in the hypothalamus, particularly in females, and in the telencephalon (Fig. 2) . Other tissues showing amplification signal included the gut, kidney and liver in both sexes, female adipose tissue, and male head kidney and muscle. Very low to undetectable levels were found in the other tissues examined.
Native Sea Bass Amh
In silico analysis showed that sea bass Amh is synthesized as a 533 amino acid preproprotein. The cleavage of a 22-amino acid signal peptide would yield the sea bass Amh propeptide (pro-Amh) with a predicted molecular weight (MW) of 55.95 kDa (Fig. 3A) . A dimer of identical disulfide-linked monomers of sea bass pro-Amh was predicted to have a MW of 112 kDa (Fig. 3B) . Proteolytic processing of AMH is needed for hormone bioactivation [38] . Two potential proprotein convertase cleavage sites (consensus sequence: Arg-X-X-Arg, where X stands for any amino acid) can be identified in sea bass Amh. They are located in the immediate neighborhood of the cleavage site for human AMH [24] . These are Arg 423 -GlyLeu-Arg and Arg
426
-Ala-Thr-Arg. Sequence alignment analysis indicates that the Arg 426 -Ala-Thr-Arg is the presumptive cleavage site (Supplemental Fig. S2 ). The enzymatic cleavage of sea bass pro-Amh at this recognition site yields a 22.4 kDa C-terminal dimer (Amh C ) and a 89.5 kDa NH2-terminal dimer (Amh N ), which initially are expected to remain associated in a noncovalent complex (Amh N , C ) (Fig. 3B) [39] . Prediction of general protein convertase cleavage sites, Arg/Lys, by the ProP v.1.0b server gave one hit at Arg 278 (KR/F). Cleavage of sea bass pro-Amh at this site would give N-terminal and Cterminal dimers of '56 kDa each. The NetNGlyc server predicted four N-linked glycosylation sites at Asn 87 (NHTL), Asn 101 (NSSG), Asn 237 (NISM), and Asn 321 (NSSA), all in the NH 2 -terminal region. None of these corresponds to the annotated N-linked glycosylation sites for human, mouse, or bovine AMHs. However, alignment of sea bass Amh amino acid sequence with other Amh sequences showed conservation of the Asn 321 site among all fish orders (Supplemental Fig. S2 ). Western blot analysis of testis protein extracts under reducing conditions and using the anti-C Amh antibody revealed a predominant band of 66 kDa. Two other bands, present in smaller amounts, of 70 and 22 kDa could also be detected. The 66 and 70 kDa bands are in accordance with the expected size for sea bass pro-Amh monomer. Differences between the expected and observed sea bass pro-Amh MWs could be due to posttranslational modification such as glycosylation of the Amh N . The 22 kDa band fits with the size of the Amh C homodimer and could correspond to some residual nonreduced dimers (Fig. 4A) .
Production of Recombinant Sea Bass Amh in CHO Cells
With the aim of producing a bioactive recombinant sea bass Amh propeptide, a combination of strategies was adopted. The putative monobasic cleavage site Arg 426 -Ala-Thr-Arg/Ala was changed to a dibasic cleavage site Arg 426 -Ala-Arg-Arg/Ala (Fig. 3C ) that is more efficiently processed by protein convertases, reproducing the strategy used with recombinant rat and human AMH [38] [39] [40] . According to http://www. chogenome.org [41] , CHO cells express several subtilisin/ kexin proprotein convertases, including furin, making possible an efficient processing of endogenous hormones. Additionally, a His 6 -tag was placed at the N-terminus of the Amh C , to allow for the purification of the mature, bioactive Amh C (Fig. 3C ).
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Positioning of a tag at the N-terminus of the TGF-b domain has been previously used to produce a bioactive recombinant human BMP15 [42] , avoiding the potential negative effects that a tag could have on the conformation and activity/stability of the recombinant protein if this would be placed at the Cterminus in the proximity of the two cysteines (Cys 530 -GlyCys-Arg) that are involved in the formation of the cystine knot structure characteristic of cystine knot family members.
RT-PCR analysis of transfected CHO cells resistant to G418 selection showed DNA bands of the size expected for the recombinant amh cDNA (data not shown). Western blot analysis of protein extracts prepared from these cells only disclosed a 66-70 kDa band consistent with the size of sea bass pro-Amh form (Fig. 4B) . In addition, recombinant sea bass Amh was localized by immunocytochemistry to the cytoplasm of these cells (Supplemental Fig. S3 ). Western blot analysis of recombinant protein in concentrated culture supernatants revealed a major 66-70 kDa band in accordance with the size of the sea bass pro-Amh form (Fig. 4C) . A 12 kDa form, present at a very low level ('5% of the total) was also present (Fig. 4C) . Additional products of 37, 31, and 25 kDa were observed in all samples, including controls, and therefore they should correspond to unspecific bands (Fig. 4, B and C) .
Recombinant sea bass Amh in up-concentrated CHO culture supernatants was purified by affinity chromatography and, to achieve complete cleavage, treated with plasmin (based on the previous published reports [18, 39, 40] ), allowing the detection of a 46 kDa protein with the anti-N Amh antibody (Fig. 5A ) and a 12 kDa fragment with anti-C Amh antibody (Fig. 5B) . The first matches the predicted size for Amh N monomer (44.75 kDa) while the second corresponds to Amh C His 6 -tagged monomer that has an anticipated size of 12.04 kDa (Fig. 3B) . In addition to the 12 kDa, two other minor bands of 22 and 32.4 kDa are also detected with the anti-C Amh antibody after treatment with plasmin for 2 h (Fig. 5B) . These two forms can be the result of inaccurate digestion conditions (excessive incubation time/less favorable pH) or alternative cleavage sites, producing alternative C-terminus pieces whose sum (12, 22 , and 32 kDa) is '66 kDa (Fig. 5B) .
Microchip capillary gel electrophoresis was used for sizing and quantification of the purified plasmin-treated recombinant sea bass Amh. Gellike images of electrophoretic separations are shown in Supplemental Figure S4 . After matching recombinant sea bass Amh and plasmin/aprotinin electropherograms, proteins with a MW of 12.4-12.6 kDa were identified as being Amh C His 6 -tagged. Proteins with 43.3-43.5 kDa were classified has Amh N . Glycosylated proteins migrate slower than unmodified proteins in gel electrophoresis and, therefore, are detected at higher apparent MWs. Because there was no discrepancy between the observed and theoretical molecular size, there is no evidence for glycosylation of the recombinant sea bass Amh.
Bioactivity of the Recombinant Sea Bass Amh and Its Type-2 Receptor
To test the functionality of the cloned type-2 anti-Müllerian receptor, COS-7 cells were cotransfected with expression vectors containing the sea bass amhr2 cDNA and the BRE-luc reporter whose activity is induced by overexpression of either R-Smad 1, 5, and 8 pathway. COS-7 cells express the three type-1 receptors known to be recruited by Amhr2, that is, Acvr1, Bmpr-1a, and Bmpr-1b (Supplemental Fig. S5 ) [36] , but are deprived of endogenous type-2 receptor [43] , and therefore this cell line is appropriate for Amh signaling studies. In a first round of experiments, we assessed whether addition of SP600125 (10 and 100 lM) was able to activate sea bass Amhr2. SP600125 is a small molecule known to activate signaling downstream of the human AMHR2 in a receptordependent manner that is dependent on the kinase activity of the receptor [36] . The human AMHR2 cDNA and the BRE-luc reporter expressed in COS-7 cells were used as a positive control. We did so because we did not know how the sea bass receptor would signal (i.e., its ability for complex formation with monkey type-1 receptor) because this was the first piscine Amh type-2 receptor whose functionality was being tested. Cells transfected only with the BRE-luc plasmid did not show any increase in luciferase activity after treatment with SP600125 (Fig. 6A) , indicating that expression of the type-2 receptor was necessary to induce AMH signaling in these cells. SP600125 induced luciferase expression in a concentrationdependent manner in sea bass Amhr2-transfected cells reaching a 2.8-fold induction over its control for the highest dose tested (100 lM) (Fig. 6B) . The observed induction in luciferase activity was comparable to that registered in human AMHR2-transfected cells (3.1-fold induction over its control for 100 lM of added SP600125; Fig. 6C ). These results prove that the cloned sea bass Amhr2 is a functional receptor able to activate the same signaling pathway(s) as human AMHR2. Next, we set out to assess the bioactivity of the produced recombinant sea bass Amh. Plasmin-treated sea bass Amh was assayed at 5.4, 2, and 0.2 lg/ml. In cells transfected with the BRE-luc reporter and empty pBSK, incubation with 2 and 0.2 lg/ml recombinant Amh induced measurable increases (1.6-to 1.8-fold increase) in luciferase activity (Fig. 7A) , showing that COS-7 cells have a mild endogenous response to our recombinant sea bass Amh. When cells were transfected with BRE-luc and the pcDNA3-Amhr2 expression plasmid, incubation with 2 and 5.4 lg/ml recombinant sea bass Amh induced a concentration-dependent luciferase activity 5.6-and 11.5-fold higher than that of untreated cells (Fig. 7B) . Luciferase fold induction was also higher in recombinant sea bass Amh-treated cells than in SP600125-treated cells (Figs. 6B and 7B) . Interestingly, recombinant sea bass Amh also induced reporter gene activity in cells expressing the human AMHR2 to a level comparable to that seen in sea bass Amhr2-transfected cells (Fig. 7C) .
Expression of amhr2 and amh During an Annual Reproductive Cycle and Immunolocalization of Amh in Sea Bass Testes
In the gonads of female sea bass entering puberty, amhr2 and the transcript of its ligand, amh, have an opposite expression profile (Fig. 8) . After the early stages of ovary development (pre-and early vitellogenenesis), amhr2 levels dropped and became upregulated only after maturation/ ovulation stage. Changes in the levels of amh were much more pronounced than amhr2 levels. They were very low in previtellogenic ovaries, upregulated from early vitellogenesis to maturation/ovulation stage, and downregulated during postspawning season (atresia) (Fig. 8) . Changes of amhr2 expression in testes of sea bass sampled during an annual reproductive cycle were not statistically different. Expression of amh was elevated during early stages of spermatogenesis (stages I and II), downregulated during full spermatogenesis (stages III and IV), and re-upregulated in fully mature (stage V) and postspawning (stage VI) fish (Fig. 8) .
In prepubertal sea bass testes, Amh protein was detected by immunohistochemistry in Sertoli cells surrounding type A spermatogonia (Fig. 9A) often located close to the interstitial compartment (Fig. 9B) . During spermatogenesis, staining was weaker or absent from Sertoli cells surrounding germ cells in advanced stages of development, such as spermatocytes and spermatids (Fig. 9C) . A strong label was also observed in the corpuscle of stannius, an endocrine lobular tissue that is located in the caudal part of the renal parenchyma (Supplemental Fig.  S6 ). Staining was seen in epithelial-like cells that were columnar in shape, and Amh was concentrated apically. Secondary antibody control showed that the label was specific to the primary antibody (Fig. 9D) . Pre-incubation of anti-C FIG. 5. Proteolytic processing of recombinant sea bass Amh. Recombinant sea bass Amh in concentrated (75-fold) culture supernatants was treated with plasmin at concentrations ranging from 0.015 to 0.24 mg/ml for 25 min at 378C. Reactions were stopped by adding loading buffer (Laemmli buffer), and the samples were analyzed by Western blot under reducing conditions using both anti-N Amh (A) and anti-C Amh antibodies (B). Samples that were not submitted to the enzymatic treatment and used as controls are shown as frozen (0/Fr) or incubated at 378C (0). On the left, in kDa, is the calibrated MW standard used to monitor protein separation.
FIG. 6. SP600125 induces Amhr2-dependent BRE-luc reporter. COS-7 cells were transiently transfected with either a sham control plasmid (A), sea bass Amhr2 (B), or human AMHR2 (C) along with the reporter plasmid BRE-luc. Increasing doses of SP600125 (black bars) were added to the medium, and the cells were incubated for 24h. Working dilutions were made in culture medium with 0.1% added DMSO for every 10 lM of SP600125. Controls (grey bars) were treated with the same DMSO concentration. The results shown are a representative experiment of two independent trials with triplicate measurements. Data represent the mean 6 SEM of the fold induction of luciferase activity (relative light units) over DMSO-treated cells for each concentration. *P , 0.05; **P , 0.01; ***P , 0.001.
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Amh and the synthetic peptide used for immunizations rendered a massive reduction of the label (data not shown).
DISCUSSION
This work reports for the first time the activation of a piscine Amhr2 by a homologous ligand. We demonstrate that sea bass Amhr2 signaling depends on Smad transcription factors. Using a recombinant sea bass Amh, we found that, contrary to what has been described for other fish Amh proteins, sea bass Amh is processed in a similar way to mammalian AMH, becoming a biologically active protein able to bind and activate sea bass Amhr2 and most surprisingly human AMHR2. We also found that in prepubertal sea bass testes, Amh action is directed to the early germ-cell generations, and we anticipate an implication of this growth factor in all stages of ovarian vitellogenesis and also during maturation/ovulation.
Sea Bass Amh Protein
Under reducing conditions, the native sea bass pro-Amh was predominantly a 66 kDa band. Another band, present in much smaller amount, of 70 kDa, could also be detected. These sizes agree with the two candidate pro-Amh proteins of 66 and 71 kDa reported for zebrafish [18] . It also matches the size of '60 kDa described for the native Japanese eel pro-Amh [12] and the 62 kDa fragment detected in black porgy testes [44] . The predominance of pro-Amh in sea bass testis agrees with observations in eel testis and also with findings in fish ovaries for other TGF-b factors such as Bmp15 and Gdf9 [45] [46] [47] and could be related to the dependence of binding of the noncovalent complex (Amh N,C ) to the Amhr2 for the generation of the mature Amh C [48] .
To produce a biologically active sea bass Amh, we expressed in CHO cells an engineered sea bass amh cDNA that contained an optimized cleavage site for in vivo proteolytic processing by CHO cell convertases, including furin. Although this strategy worked with rat and human recombinant AMHs [38] [39] [40] , endogenous cleavage of recombinant sea bass Amh was highly inefficient. This could be due to the position of the His 6 -tag added to enable protein purification because it was placed immediately after the modified cleavage site, and it has been described that the position of the tag can have an impact on the processing of the protein [49] . Nevertheless, cleavage of the recombinant sea bass Amh could be fully achieved in vitro by plasmin treatment. The obtained band pattern for processed recombinant sea bass Amh was the initially expected 46 kDa Nterminal fragment and 12 kDa C-terminal fragment, which resembles human AMH monomers ('57 kDa for AMH N and 12 kDa for AMH C monomers) [39] but greatly differs from zebrafish homologue reported as 27 kDa Amh N and 32 kDa Amh C monomers [18] and from Japanese eel and black porgy Amh C monomers with apparent MWs of 30 and 37 kDa, respectively [12, 21] . The predicted alternative cleavage site Arg 278 (Lys 277 -Arg/Phe) in sea bass Amh seems to be a false positive. Cleavage at this site would generate N-terminal and C-terminal fragments of '28 kDa that at any time could be observed. Given the size differences between Japanese eel, zebrafish, and black porgy Amh products compared with rat and human proteins [38, 50] , it was suggested that the enzymatic cleavage of fish and mammalian AMH occurs at different cleavage sites [18] . However, sea bass Amh is proteolytically processed at a conserved position as in mammals, resulting in a typical C-terminal TGF-b domain, and the predicted plasmin cleavage site Lys 263 -Arg/His in zebrafish Amh, is not conserved in sea bass Amh (Supplemental Fig. S2 ). Nevertheless, some recombinant forms of mammalian AMH are alternatively cleaved in a site similar to that of zebrafish, yielding an extended C-terminal peptide consisting of amino acids 255-560 [51] . It must be highlighted that under physiological conditions, according to the availability of proteases in tissues, distinct cleavage sites may be used in vivo to cleave and activate AMH (reviewed in [52] ). Recently, we have become aware that human blood contains both pro-AMH, the uncleaved ROCHA ET AL.
precursor of AMH, and AMH N,C complex [50] . This fact raised the possibility that the endocrine functions of AMH could be partly controlled by its cleavage in the target organ/ cell. In fact, a role for proconvertase processing of various 
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TGF-b family members as a mechanism to control both quantity and quality of active ligand production is guaranteed (reviewed in [53] ).
Activation of Sea Bass Amhr2
Phylogenetic analysis of sea bass Amhr2 and members of the TGF-b receptor, type-2 family in other vertebrates confirmed that the cloned cDNA is indeed the sea bass amhr2 ortholog. Ensembl genome assemblies suggest that fish have only one copy of amhr2 in their genomes except for the zebrafish genome where no matches were found.
The specific signaling pathways that are activated by AMH have been extensively studied in mammals but remain unexplored in fish. Though full-length amhr2 cDNAs from medaka [15] , fugu [19] , and black porgy [21] have been cloned, in vitro characterization of these receptors is not available. In mammals, the type-1 receptors that complex with AMHR2 are shared with BMPRII [54, 55] , allowing a wellcharacterized BMP luciferase assay, the BRE-luc, to be used in AMH signaling studies [36, 56, 57] . To test the function of sea bass Amhr2, we performed in vitro assays using the BRE-luc reporter and COS-7 cells, encouraged by the paradigm that the type-2 receptors play a more important role than type-1 receptors in the determination of specificity for the assembly of the receptor signaling complex. Our work is the first to report on Amh signaling in a lower vertebrate and reveals that sea bass Amhr2 is capable of activating the same signaling pathway(s) as human AMHR2. The steps and structural elements involved in this process are extremely difficult to envision because AMH complex formation remains to be elucidated even for mammals. In the absence of a crystal structure for AMHR2, two molecular models were built by homology using the crystal structures of ACVR2, TGFR2, and BMPR2 as templates [58, 59] . In both cases, the best models for AMHR2 extracellular domain reproduce the general threefinger toxin fold shaped by five disulfide bridges between 10 conserved cysteines. Considering the low sequence identity shared by mammalian and teleost AMH type-2 receptors, these results can only lead us to hypothesize a similar overall backbone fold for both receptors. Multiple sequence alignments of sea bass Amhr2 support this idea.
The c-June N-terminal kinase inhibitor SP600125 was able to activate sea bass Amhr2 in a dose-dependent manner. Despite the heterologous nature of receptor complex (composed by two mammalian type-1 receptors), the response was similar for both human and sea bass receptors, with sea bass Amhr2 showing just a slighter lower induction of luciferase expression. Any theory concerning how SP600125 interacts with sea bass Amhr2 would be idle because it is not even clear for the human AMHR2. Altschul et al. [32] suggested that binding would likely occur in the extracellular domain and that canonical Smad1/5/8 phosphorylation would not be involved in SP600125-mediated signaling. Sea bass Amhr2 extracellular domain shares 22.8% similarity with human AMHR2. In this scenario, we could speculate that very few conserved residues would be involved in sea bass Amhr2 activation by SP600125.
Plasmin-treated recombinant sea bass Amh induced luciferase expression in a concentration-dependent manner in Amhr2-transfected COS-7 cells. Only cells transfected with Amhr2 showed a significant induction in luciferase activity, indicating that BRE-luc induction was specific of Amhr2 activation. These results show that the produced recombinant protein is bioactive and confirm the identity of the sea bass receptor as a type-2 receptor for Amh.
Sea bass Amh C shares only 48.6% sequence similarity with human AMH C . Nonetheless, plasmin-treated recombinant sea bass Amh was able to activate human AMHR2. This shows a degree of conservation beyond the mere amino acid similarity, suggesting that the three-dimensional structure adopted by these proteins still allows ligand binding and signal transduction.
Expression Patterns of Sea Bass amh and amhr2
Transcripts of sea bass amhr2 could be PCR amplified from both gonad and somatic sea bass tissues. This is in agreement with the wide expression pattern found for sea bass amh transcripts [24] . According to qPCR quantification cycle (Cq) values (data not shown), both amh and amhr2 are expressed more highly in sea bass testis than in ovary, at least in adult specimens. The same has been reported for medaka amhr2 and tilapia amh [15, 60] . In the Atlantic cod, gonadal expression of amh was male biased during the immature stages, although ovarian expression increased with higher gonadosomatic indexes [61] .
Evaluation of sea bass amh expression levels in gonads of adult female sea bass throughout a complete reproductive cycle showed an upregulation of this transcript across all stages of vitellogenesis and also during the maturation/ovulation stage. Our results do not agree with a previous report on sea bass ovarian follicles that show upregulation of amh transcripts only during the beginning of secondary growth and early vitellogenesis going back to basal levels during the rest of the vitellogenesis stage [62] . Indeed, important differences in the design and performance of both experiments can be found. The previous study was done on isolated ovarian follicles from females sampled only in December while ours used the entire ovaries, sampled all year round, composed mainly of follicles at a developmental stage that serves the classification of the stage per se but also by a minority of follicles less and more developed. In addition, we used (A) þ -enriched RNA instead of total RNA, and our qPCR assay is designed to amplify a fragment from the coding region of sea bass amh (the protease cleavage region to be more precise) while in the study by García-López et al. [62] primers were designed in the 3 0 untranslated region. Moreover, our results are also in line with a recent study performed on Atlantic cod showing high amh levels in follicles from pre-, early, and late vitellogenic stages [63] . Surprisingly, sea bass amhr2 expression levels did not follow its ligand expression trends and remained virtually invariable throughout the reproductive cycle. In males, both amh and amhr2 were downregulated during full spermatogenesis, but this reduction was only significant for amh and only when compared with the immature stage. The profiles described above should be contextualized based on the European sea bass mode of gonadal development. During the annual cycle, sea bass gonads undergo dramatic changes in cellular composition. In females, due to the group synchronous type of ovarian development, the ovaries contain heterogeneous oocyte populations that develop at different rates, with one of these populations being the dominant. In males, these changes result in a dilution of Sertoli cells-derived mRNAs by germ cell mRNAs during germ cell proliferation that diminishes toward spawning, once RNA-poor haploid cells are gradually prevalent [64] . European sea bass Amh protein was detected by immunohistochemistry in Sertoli cells surrounding type A spermatogonia often located close to the interstitial compartment, resembling what has been reported for zebrafish [18] . This staining was weaker or absent in Sertoli cells surrounding spermatocytes and spermatids. So the re-ROCHA ET AL.
increase of sea bass amh expression levels observed in fully mature fish (stage V) might reflect the loss of Sertoli cell dilution that takes place in stages III and IV. In mammals, AMH is produced in high amounts by Sertoli cells from the time of their differentiation to puberty and greatly reduced thereafter. In the adult, AMH expression is upregulated by FSH and repressed by testosterone, provided Sertoli cells express the androgen receptor [65] . In contrast to mammals, Fsh-mediated downregulation of amh expression has been previously observed in the testis of Fsh-treated juvenile sea bass males [66] and in adult zebrafish [18] . Also, 11-KT, the major androgen in fish [67] , reduced testicular amh transcript levels in Japanese eel (in vitro) [12] and in juvenile Atlantic salmon (Salmo salar) (in vivo) [68] and had no significant effect in zebrafish (in vitro) [18] . Fsh and 11-KT levels have been previously measured in plasma samples of the male fish used in this study [26, 69] . They started to increase in stage III, peaked in stage IV, and dropped during full spermiation and postspawning. Therefore, the reduction of amh expression in sea bass testis during full spermatogenesis described in this study could be due to high Fsh and 11-KT plasma levels.
The profile of amhr2 transcripts in the testis of European sea bass resembles more a housekeeping gene rather than a signaling receptor subunit. Modulation of sea bass Amhr2 availability could be happening at other levels than DNA transcription. Recent studies have demonstrated that the presence of signaling-competent AMHR2 complexes on the plasma membrane of mammalian cells is regulated by various mechanisms. These include the transcription of alternative spliced variants that act as dominant-negative inhibitors [57] and posttranslational modifications such as cleavage of the extracellular domain, intracellular retention, and/or promiscuous disulfide-bond mediated homo-oligomerization that negatively regulate the processing of the mature receptor [70] . Similar regulation processes could be occurring on sea bass gonads.
A strong Amh label was also observed in the corpuscle of stannius, an endocrine tissue that secretes hypocalcin, a hormone that blocks calcium uptake by the gills and other substances that may play a role in osmoregulation [71] . This is the first time ever that the presence of Amh protein in this organ has been reported in teleosts and could indicate the involvement of this growth factor in calcium metabolism and osmoregulation. Because Amh is a growth factor involved in reproduction, it is noteworthy to highlight the close relation between salinity and reproduction in fish. Salinity is an environmental factor that can affect spawning. In male Atlantic salmon, salinity modulates different aspects of spermatogenesis at the pituitary (differential activation) and testis (stimulating the onset of this process) levels [72] . Our results, by demonstrating conservation in the proteolytic processing of pro-Amh and the use of the Smad-signaling pathway by Amhr2 in the European sea bass, another vertebrate that does not have Müllerian ducts, in addition to the data published recently for other fish and amphibian [73] , suggest that the role of AMH in promoting involution of the female reproductive primordium, highly conserved across higher vertebrates, occurred secondarily during the course of evolution and that Amh signaling has wider functions in other vertebrates.
